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APPARATUS AND METHOD FOR 
PERFORMING TRUSTED COMPUTING 

INTEGRITY MEASUREMENT REPORTING 

FIELD OF INVENTION 

[0001] The present invention is related to trusted comput 
ing, (i.e., computer security), across multiple platforms, (i.e., 
subsystems). More particularly, the present invention relates 
to apparatus and methods for performing trusted computing 
integrity measurement reporting. 

BACKGROUND 

[0002] Platform Con?guration Registers (PCRs) are 
memory locations inside a trusted platform module (TPM) 
that are used to store hashes of data. The TPM memory used 
for the PCRs may be volatile or non-volatile in nature. 
[0003] Conventional Trusted Computing Group (TCG) 
speci?cations permit Read, Extend and Quote operations on 
the PCRs, Which are performed by the TPM. The Read opera 
tion is used to read the value of a given PCR. The Extend 
operation is used to modify the value of the PCRs by extend 
ing the old contents With the neW contents. This alloWs a 
challenger to see hoW the ?nal PCR digests Were built. The 
Quote operation is used for integrity reporting Where the 
values of the PCR are encrypted using an attestation identi 
?cation key (AIK) by the TPM. Attestation in this context 
refers to an activity of the platform to supply a measure of the 
trustworthiness of the system to internal or external challeng 
ers or requesters of such information. Integrity reporting may 
be used to determine a platform’s current con?guration. 
[0004] When the TPM performs operations to generate 
integrity metrics, to be later used for veri?cation of the integ 
rity of a piece of code or data that is hashed, the TPM does not 
simply compute the hash of the most recent value of the target 
data or code and then input that value to a PCR. Instead, the 
TPM performs an Extend operation by concatenating the 
current existing value of the PCR With a neW value of a system 
component to be measured, and performing a secure hash 
algorithm (SHA) on the concatenated data, and inputs the 
result in to the target PCR. 
[0005] Each time a PCR is extended, a log entry is also 
made in the TCG event log. A TCG event log, also called a 
stored measurement log (SML), is a log of events that take 
place on the platform in Which a TPM resides. An SML is a 
log of measured values of a component, (e.g., a piece of code), 
in a system platform that includes a TPM. The TPM performs 
a measurement of events, (such as the loading of a particular 
application softWare (SW)), that take place in the platform in 
Which the TPM resides. The measurement kernel, Which is a 
trusted part of the platform operating system (OS) that con 
trols the TPM, generates measurement events upon request by 
the OS. Note that a “measurement event” is not the event that 
takes place in the platform itself, but rather a term that signi 
?es the activity or event of the “measurement” performed for 
an event that occur in the platform. An example of such a 
platform-event Would be the reading, into system memory, of 
a piece of softWare code. A measurement event consists of 
tWo classes of data: 1) measured valuesia representation of 
embedded data or program code; and 2) measurement 
digestsia SHA hash of those values. Data are scanned by the 
TPM Which generates a message digest. Digests are a snap 
shot of the machines’ operational state. The tWo data ele 
ments, (measured values and measurement digest), are stored 
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separately. The measurement digest is stored in PCRs in the 
TPM. The measured values may be stored virtually any 
Where, typically in an SML, but they have to be stored in an 
encrypted fashion. In fact, the measured values may not be 
stored at all, but re-computed Whenever the serialiZed repre 
sentation is needed. Measurement data describe properties 
and characteristics of the measured component. The SML 
contains sequences of related measured values. Each 
sequence shares a common measurement digest. Measured 
values are appended to the common measurement digest and 
re-hashed. This is more commonly referred to as extending 
the digest. Extending ensures related measured values Will 
not be ignored, and that the order of operations is preserved. 
[0006] Algebraically, updates to an n-th PCR, at any time 
t+l, folloWs as: 

PCR[n] (l+l):SHA—l (PCR[n] (l)+measu_red data(l+l )) Equation (1) 

PCR values are temporal and are reset at system reboot. 
Veri?cation of measurement events requires the re-creation of 
the measurement digest and a simple comparison of the digest 
values, (using the PCR value as one of the comparators). TCG 
does not de?ne data encoding rules for SML contents, but 
recommends folloWing appropriate standards such as Exten 
sible Markup Language @(ML) to ensure broad accessibility. 
[0007] FIG. 1 shoWs a conventional TCG attestation pro 
cedure, (i.e., protocol), implemented by a system 100 includ 
ing a challenger 105, a platform agent 110, a TPM 115 and a 
repository 120. 
[0008] The challenger 105 requests one or more PCR val 
ues from the platform agent 110 (step 125). The platform 
agent 110 collects SML entries, Which are integrity measure 
ment values (step 130). The platform agent 110 requests PCR 
values from the TPM 115 (step 135). The PCR values are 
measurement digests of the integrity measurement values, 
(i.e., signed hash of the integrity measurement values). The 
TPM 115 signs the PCR values using an AIK (step 140), and 
sends the signed PCR values to the platform agent 110 (step 
145). The platform agent 110 also collects credentials that 
vouch for the TPM 115 from the repository 120 (steps 150, 
155). The platform agent 110 sends the signed PCR values, 
the SML entries and the credentials to the challenger 105 
(step 160). The challenger 105 then veri?es the platform 
con?guration (step 165). For the veri?cation, the challenger 
105 computes a measurement digest from the received SML 
entries and compares the computed measurement digest With 
the PCR values. The challenger 105 also evaluates the plat 
form credentials and checks signatures. 
[0009] The PCR values are extended every time a neW 
measurement is made, and this information is logged by the 
TPM 115. This extending ensures that the order of measure 
ments is preserved and that all the measurement values are 
taken into account. One of the challenges associated With 
extending the PCR values is that the state of a platform 
changes When any measurement is performed, so the state of 
the system might not be accurate if an application that is not 
relevant to the current application extends the PCRs. 
[0010] Currently there is no standardized assignment of 
PCRs to applications other than the PCRs reserved for the 
boot up process. This can cause situations Where more than 
one application is using the same PCR Which is problematic 
for the reasons outlined beloW. 

[0011] For example, if a trusted broWser application is 
loaded before a trusted digital rights management (DRM) 
application, the state of the system as needed by the DRM 
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application may not match the expected state if both applica 
tions make use of the same PCRs. This could potentially 
result in a failure to load the application as the state of the 
system is not What it is supposed to be. The challenger for the 
DRM application Will also get information that the broWser is 
running. This compromises the privacy of the user. 
[0012] For example, FIG. 2 shoWs a conventional TCG 
procedure implemented by a system 200 including a ?rst 
challenger 205, a second challenger 210 and a user device 215 
including a platform agent 220 and a TPM 225, Whereby 
different applications extend a PCR from different states, 
unaWare of each other’s extend operation. If the ?rst chal 
lenger 205 requests the same changes to the PCR values that 
the second challenger 210 requests, the veri?cation of the 
platform con?guration by the second challenger 210 is going 
to fail even if the con?guration of the platform is valid. 
[0013] Referring to FIG. 2, the ?rst challenger 205 sends a 
request for the platform con?guration from the platform 
agent 220 (step 230), Which then extends a PCR on the resi 
dent TPM 225 (step 235) and then requests for the signed 
value of the PCR from the TPM 225 (step 240), Which sends 
back a signed PCR value, (signed by the TPM 225 With an 
AIK), back to the platform agent 220 (step 245). The ?rst 
challenger 205 then receives the platform con?guration from 
the platform agent 220 (step 250). Note that in this process 
(step 250) the ?rst challenger 205 Would normally also 
receive the signed PCR value and an SML entry, (neither of 
Which are shoWn in FIG. 2), and use the platform con?gura 
tion data, the signed PCR values, and the SML entry that are 
received, to verify the platform con?guration (step 255). 
[0014] Separately, the second challenger 210 could request 
(step 260) and later receive (step 280) the platform con?gu 
ration from the platform agent 220, Which extends the same 
PCR (step 265) in the TPM 225, and requests (step 270) and 
then receives (step 275) signed values of the PCR from the 
TPM 225. The second challenger 210 then could verify the 
platform con?guration (step 285) that it received. The ?rst 
challenger 205 and the second challenger 210 may be 
unaWare of each other, and since the current TCG speci?ca 
tions do not specify a systematic method to assign Which 
PCRs can be used to record the measurement digests that are 
appropriate and useful for different challengers in a secure 
and privacy-protective Way, the same PCR may be used to 
record the measurement digests for both of these unrelated 
challengers. This creates a problem Where the second chal 
lenger 210 may not necessarily be aWare of the system state as 
represented by the PCR values that are extended With the 
measurements intended for the ?rst challenger 205. Thus, in 
the point of vieW of the second challenger 210, unless it 
already tracks the fact that the same PCR has been extended 
because of the measurement and veri?cation for ?rst chal 
lenger 205, the second challenger 210 may compare Wrong 
sets of data in its veri?cation process because it may not 
receive all of the SMLs that are required to recreate the order 
of the PCR extension that took place before its oWn veri?ca 
tion of the PCR. Alternatively, because such SMLs may 
become too big after many iterations of the PCR extension, 
the second challenger 210 may simply run out of processing 
capability to process of all of the previous SML entries to 
recreate the most recent previous state of the PCR. 

[0015] The TCG procedure of FIG. 2 can also create leak 
ages of private information that may be alloWed to be dis 
closed to one challenger but not to others. Also the current 
procedures can create unWarranted veri?cation, (When veri 
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?cation should not happen), or an unintended decision of 
non-veri?cation, (When veri?cation should happen), may 
occur on the challengers’ sides. Currently, this problem is 
addressed by using one or more of the folloWing approaches: 
[0016] Reserving PCRs: As the state of the system is rep 
resented using the PCRs, certain PCRs can be assigned to 
certain applications. The disadvantage With this approach is 
that the number of PCRs in the TPM is usually around 16, (the 
TCG standard does not limit the number of PCRs), based on 
the cost and siZe considerations. This limits the ability to 
assign ?xed PCRs to each application type. 
[0017] Using PCR Event Log: Any changes to the PCR 
values are logged by the TPM. This log can be used along With 
the PCR values to see if the system is in correct state. HoW 
ever, the problem With this approach is that the log might 
contain information that is not directly relevant to the appli 
cation in question and hence can compromise the user pri 
vacy. 
[0018] Loading all applications during startup in a prede 
termined order also eliminates this problem. HoWever, the 
startup times Will be longer as all the applications have to be 
veri?ed and loaded during startup making this approach non 
practical to use. 
[0019] These approaches have serious limitations, either in 
terms of limiting the functionality of the trusted platform or in 
terms of loss of privacy of the user. 

SUMMARY 

[0020] The present invention is related to a method and 
apparatus for using TPMs for integrity measurements of mul 
tiple subsystems. The state of the PCRs after boot up is stored 
as the base state of the system. Base state in this context is 
de?ned as the state of the system When the startup of the 
system is complete and can only be changed When neW soft 
Ware is loaded at the kernel level. This state itself might be 
reported to challengers Who are interested in verifying the 
integrity of the operating system (OS). 
[0021] In another embodiment of the present invention, a 
virtual PCR is used Where such a virtual PCR uses a larger 
memory space than a conventional TPM provides for a physi 
cal PCR, by use of encrypted storage on external, protected 
memory. 
[0022] In yet another embodiment of the present invention, 
an application that is to be veri?ed requests that its state be 
extended from the base state of the system. When such a 
request is received, the state of the system is extended directly 
from the base state PCR contents and not from the system 
state. 

[0023] Furthermore, statements about the base states that 
serve as a reference starting point for measurements and 
veri?cation of system states are delivered to a system and 
stored in the form of reference base state certi?cates. Mea 
surements are performed Where results of the measurement of 
the system’s state, (typically in a digest form), are compared 
to the base state values described in such certi?cates, and a 
statement, instead of the raW measurement digest values, are 
extended to either a physical PCR or a virtual PCR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] A more detailed understanding of the invention may 
be had from the folloWing description of a preferred embodi 
ment, given by Way of example and to be understood in 
conjunction With the accompanying draWings Wherein: 
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[0025] FIG. 1 shows a conventional TCG attestation pro 
cedure implemented in a system including a challenger, a 
platform agent, a TPM and a repository; 
[0026] FIG. 2 shoWs a conventional TCG procedure imple 
mented in a system including tWo challengers and a user 
device Whereby different applications extend a PCR from 
different states, unaWare of each other’s extend operation; 
[0027] FIG. 3 shoWs a TCG procedure implemented in a 
system including tWo challengers and a user device using a 
state extension from a common base state in accordance With 

the present invention; 
[0028] FIG. 4 compares the prior art to the present inven 
tion Whereby different extended states are implemented for 
different challengers; 
[0029] FIG. 5 shoWs allocation of different extended states 
on different PCRs in accordance With the present invention; 
[0030] FIG. 6 shoWs a TCG procedure implemented in a 
system including tWo challengers and a user device using a 
base state extension With reference base state (RBS) certi? 
cates in accordance With the present invention; 
[0031] FIG. 7 illustrates selective requests for measure 
ments in accordance With the present invention; and 
[0032] FIG. 8 shoWs a virtual PCR that uses external 
memory protected by encryption capability of a physical 
TPM, and hoW a system that has a TPM and a virtual PCR can 
be used to supply data for platform con?guration integrity 
veri?cation by a challenger in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] FIGS. 3 and 4 shoW signal diagrams in Which PCRs 
are retrieved With respect to a base state according to the 
present invention. 
[0034] FIG. 3 shoWs a TCG procedure implemented by a 
system 300 including a ?rst challenger 305, a second chal 
lenger 310 and a user device 315 including a platform agent 
320 and a TPM 325, Whereby a state extension from a com 
monbase state is used. Referring to FIG. 3, the ?rst challenger 
305 requests for the platform con?guration that is computed 
from a base state (step 330) from the platform agent 320, 
Which then extends (step 335) from the base state the PCR on 
TPM 325, and then requests for (step 340) the signed value of 
the PCR from the TPM 325, Which sends back (step 345) the 
signed PCR value back to the platform agent 320. The ?rst 
challenger 305 then receives the platform con?guration (step 
350) from the platform agent 320. The ?rst challenger 305 
then compares the platform con?guration data it received in 
step 350 With a value that it computes itself and veri?es the 
platform con?guration (step 355). 
[0035] Separately, the second challenger 310 could later 
request (step 360) and later receive (step 380) the platform 
con?guration computed again from the same value of the base 
state that is used in the step 335 but then is extended With a 
different measurement value, appropriate for the second chal 
lenger 310 and its veri?cation target and purposes. Thus, the 
platform agent 320, upon request from the second challenger 
310, Would then extend the same PCR (step 365), not from its 
last value but again from the same base state used in step 335. 
The platform agent 320 then requests (step 370) and receives 
(step 375) signed values (signed by the TPM 325 With an 
AIK) of the PCR from the TPM 325. The second challenger 
310 then could verify the platform con?guration (step 385) 
that it received. Since the ?rst challenger 305 and the second 
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challenger 310 both received their platform con?guration 
data as independently computed from the base state but With 
their oWn measurement values, the procedures described in 
FIG. 3 can avoid the problems described in the conventional 
procedure of FIG. 2. 

[0036] FIG. 4 compares the prior art to the present inven 
tion Whereby different extended states are implemented for 
different challengers. As shoWn in FIG. 4, a system is 
depicted to have completed start-up 405 and have reached a 
base state 410. In the prior art, When a ?rst application is 
loaded and then is veri?ed by a challenger, the system state 
415 is changed to re?ect the loading of the ?rst application. 
Next, When a second application 425 is loaded and needs to be 
veri?ed by another challenger, the system state 420 noW Will 
re?ect a change from the system state 415, not from the base 
state 410. 

[0037] In accordance With the present invention, since 
PCRs, (or virtual PCRs), that are allocated for different chal 
lengers Would all be extended from the base state, all chal 
lengers Would verify their target state With only the net effect 
of the loading of the applications that they speci?cally need to 
verify. TWo such challengers, challenger 1 and challenger 2 
are depicted in this example, and they Would both verify their 
derived target states, (derived state 425 for challenger 1 and 
derived state 43 0 for challenger 2), as independently extended 
from the base state 410. 

[0038] In accordance With a ?rst embodiment of the present 
invention, the TPM resets the PCR values to their default 
values during reboot of the system. The system referred to 
here is any platform such as a personal computer (PC), a 
personal data assistant (PDA), embedded system, mobile 
phone, peripherals With embedded systems, netWork ele 
ments, and other platforms that are equipped With TCG tech 
nologies, speci?cally functions and services enabled by or 
enabling the use of a TPM or equivalent entities. The PCR 
values are reported With respect to a knoWn base state of the 
TPM. This base state of the TPM is preferably stored in the 
TPM and can be used Whenever a neW application has to be 
measured. The base state of the TPM can represent the plat 
form state When the system boot process is complete and the 
state for each application is calculated With respect to this 
base state. 

[0039] A base state of a TPM is a different concept than a 
base state for a system. In accordance With the present inven 
tion, additional functionalities of the current TPMs are 
de?ned so that they Won’t reset all of the PCR values at 
boot-up, and instead Would have certain values that can rep 
resent the ‘state of the TPM upon a successful boot-up’ as 
‘base state of the TPM’ and store such values in the shielded 
non-volatile memory inside the TPM itself. Note that such a 
non-volatile memory is different than the PCR, Which again, 
resets upon boot-up. Since the base state of the TPM is a value 
that represents the state of the TPM upon a successful boot-up 
of the system that houses the TPM, such a base state can 
represent, indirectly, a ‘clean’ state of the system itself. Fur 
thermore, such a TPM base state Would be non-volatile, and 
can be brought back upon boot-up, to serve as the base state 
for extend operations of the PCRs. Additional shielded, (i.e., 
protected), non-volatile memory is needed to store the base 
state inside the TPM, and also an indication from the trans 
mission control protocol (TCP) softWare stack (TSS) to indi 
cate that the current state has to calculate from the base state 
of the system. 
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[0040] TSS is the software stack that enables initiation and 
control of such procedures for integrity measurements and 
reporting as Well as veri?cation, (e.g., steps 330, 335, 340, 
345 and 350, depicted in FIG. 3), that take place outside of the 
TPM but inside or under the control of the platform itself, 
(such as the platform OS), or its agents, (i.e., platform agent 
320 in FIG. 3). 

[0041] In accordance With the ?rst embodiment, a TPM 
base state, is stored securely in the TPM itself, and is knoWn 
through TSS upon boot-up to the outside of the TPM, i.e., to 
the platform agent or the platform OS, so that the challengers 
can use such ‘TPM base states’ as the reference base state 

from Which integrity measurements of the applications that 
the challenger needs to verify can be constructed. Only a ?xed 
amount of memory capacity is required in the TPM, (equal to 
the number of PCRs that the TPM contains). This knoWn base 
state is used Whenever a neW application is loaded by the 
system, thereby alloWing the integrity measurements to Work 
the Way they Were intended. For example, When the TPM has 
an X number of PCRs, there are also X number of ‘TPM base 
states’, one each for each of the X number of PCRs. The 
stored TPM base states are used to extend each of the PCRs, 
each allocated to measure the integrity of a particular, loaded 
application. Therefore, the integrity of the loadings of at most 
X different applications may be tracked and measured in this 
manner. 

[0042] In accordance With a second embodiment of the 
present invention, there is no ?xed siZe restriction on the 
number of PCRs a system might have. HoWever, practically 
the number in most implementations is approximately 16 
PCRs. The extensibility in terms of PCR identi?cation num 
bers, (PCR address can range from 0 to 232-1, With values 
above 230 reserved for future use), can be used to create the 
concept of virtual PCRs that are not physically present on the 
TPM but are virtual in nature. These virtual PCR contents can 

be stored as encrypted data on external storage or on the TPM 
itself. The contents of these virtual PCR values can be 
extended only from other PCR values. This alloWs applica 
tions to de?ne a base state based What the PCR values can be 
extended. Each application is preferably given virtual PCR 
number(s) that it can use to perform integrity measurements. 
This alloWs allocation of PCR numbers to applications some 
thing similar to allocation of port numbers to Well knoWn 
Internet applications. 
[0043] Thus, in accordance With the second embodiment, 
encrypted, protected storage space that a platform can create, 
is used With the cryptographic functionality of the TPM, as 
substitutes for the hardWare-implemented PCRs. Since the 
address space reserved for the PCRs is quite large, on the 
order of 23 2, one could just use the address space to designate 
any cryptographically protected memory element in the plat 
form’s system, (such as random access memory (RAM)), as a 
substitute for the PCR. This Way, one could have many more 
such ‘virtual PCRs’ than real, hardWare PCRs. Therefore, one 
could also use such many more ‘virtual PCRs’ to track the 
integrity of many more application loadings and other ‘mea 
surement-Worthy’ events. 
[0044] In accordance With a third embodiment of the 
present invention, all of the PCR contents are reset during 
system startup. As in the second embodiment described 
above, if there are many virtual or real PCRs, the PCR(s) 
assigned to the application are preferably computed from the 
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initialiZed state directly. This Would require ?xed PCR 
assignments to applications but Would not require and the 
base state to be stored. 
[0045] In accordance With the third embodiment of the 
present invention, When one has numerous real or virtual 
PCRs in a system, one can basically partition them into 
groups, and each group of PCRs Would then be pre-allocated 
to track the integrity measurements for just one application, 
and no other applications’ measurements can be recorded in 
any of the real or virtual PCRs that do not belong to the group 
to Which the particular application is assigned. This Way, even 
When all of the PCRs are reset, and there is really no special 
‘base state’ from Which to construct the history of the integrity 
measurements, one PCR may be used from each group as the 
state-holding space for the post-boot, ‘clean, initial state’ of 
the system, and then use the other PCRs in the same group to 
record detailed snapshots of the histories of the events, (such 
as loading of different versions of the same application), in a 
pre-determined, sequential manner. Thus, one may not need 
to extend all events into the same PCR, but rather, just record 
the snapshots of such extensions into different PCRs Without 
actually extending the individual PCRs. Furthermore, one 
can create, using a large number of PCRs (all belonging to the 
same group) and their values, and the knowledge of the order 
of the updated PCRs, a historical log of the integrity measure 
ment digests Whose snapshots are kept in each of the PCRs 
belonging to that group, applicable to only that particular 
application’s history With the platform. 
[0046] FIG. 5 shoWs such a PCR con?guration in Which 
PCRs forApplication 1 andApplication 2 are disposable. The 
PCR contents can be reset every time the application needs to 
be measured and the PCR contents Would be extended from 
this initialiZed state. The contents of the PCRs assigned to 
operating systems and drivers along With the PCR values 
computed for the application can be sent over to the chal 
lenger for verifying the integrity of the system. 
[0047] All of the three embodiments presented above assist 
challengers in verifying Whether the platform state is What it 
is supposed to be Without compromising on the privacy of the 
user. 

[0048] All three of these embodiments can also be aug 
mented With the use of a reference integrity metric (RIM) 
certi?cate. A conventional RIM certi?cate is de?ned as a 
particular method for providing statements for the boot-up 
process for mobile phones. The conventional RIM certi?cate 
contains a statement about a reference state that a system 
should attain after a boot-up. After a boot-up, if the system 
determines that it has reached the same state as speci?ed in 
the RIM certi?cate, then the system requests the TPM to 
update its PCRO, (the ?rst PCR), to contain the value of the 
SHA hash operation of the statement, Which states the 
attained state that is also veri?ed. 

[0049] In accordance With the present invention, a refer 
ence base state (RBS) certi?cate is used. Unlike the conven 
tional RIM certi?cate, Which can provide a statement for only 
a single, common post-boot-up state of the OS of the platform 
that is commonly applicable to all applications, the neW RBS 
certi?cate is used to provide statements about application 
speci?c reference base states. This difference in concept also 
results in the fact that, for a system that uses RBS certi?cates, 
a platform can, at any given time, accommodate multiple 
different RBS certi?cates, each specifying the base state for 
different applications or application groups. This contrasts 
With a system that just supports a RIM certi?cate, Whereby at 
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any given time, the platform can only Work With one RIM 
certi?cate. Again, one could have multiple RBS certi?cates, 
each tailored to specify the reference base states for events, 
(such as loading), of many different applications, and each 
being accommodated and used by the platform for applica 
tion-speci?c base-state referencing on a simultaneous time 
basis. In terms of PCRs, each RBS certi?cate Would require at 
least one PCR, (either real or virtual), dedicated to it. Such a 
dedicated PCR, per each RBS certi?cate, Would be used to 
record the hash value of a statement that the platform OS 
constructs to indicate information about the veri?cation or 
non-veri?cation status of the check betWeen the system’s 
actual state and the base state. The hash value Would be 
recorded upon veri?cation by the platform agent With the aid 
of the TPM, of the equality of the system’s actual state to the 
base state that is indicated in a state-related statement con 
tained in the RBS certi?cate. 

[0050] An example of such a statement could be: “The 
actual system state and the base state are veri?ed to be the 
same”. The hash of such a statement, Which is noW recorded 
in the dedicated PCR for that RBS certi?cate, can provide a 
starting point for further extend operations for that dedicated 
PCR, as Well as any other PCRs that may be used for integrity 
measurement veri?cation of the assigned application or 
application groups. Note that an RBS certi?cate also contains 
the hash value of such a ‘state-checking statement’ that is 
constructed. Thus, by comparing the result of the hash opera 
tion, performed on the statement that is constructed by the 
platform OS to indicate Whether the system state matches the 
base state, With the hash value of the same statement con 
tained in a different part of the same RBS certi?cate or con 
tained in a different RBS certi?cate, the platform OS is pro 
visioned With a means to extend the PCRs that are assigned 
for the integrity measurement digest storage for speci?c 
applications or application groups, from an externally veri? 
able starting point value. Again, that value is the SHA-l hash 
of a statement concerning the check betWeen the system’s 
actual state and the base state indicated in the associated RBS 
certi?cate. 
[0051] A RIM certi?cate conveys information about the 
integrity metric of core OS softWare and relevant information 
for such OS, such as the version number. A particular PCR of 
the platform’s TPM, namely, the PCRO, then is assigned to 
carry the ‘check or no-check’ statement for the RIM certi? 
cate after the integrity reference values contained Within the 
certi?cate is checked against real measurements. 
[0052] The base states used by the present invention may 
contain different ‘state check statements’ that may be com 
pared against statements included in various different certi? 
cates. Each of these certi?cates may include information 
about different base states, each belonging to a particular 
application or application groups or other contexts. 

[0053] FIG. 6 shoWs a TCG procedure implemented by a 
system 600 including a ?rst challenger 605, a second chal 
lenger 610 and a user device 615 including a platform agent 
620, a TPM 625 and a RBS certi?cate 630. As shoWn in FIG. 
6, the ?rst challenger 605 can issue a command to the plat 
form agent 620 to get the platform con?guration computed 
from a starting con?guration speci?ed by a base state (step 
635) applicable to the loaded application of Which the ?rst 
challenger 605 is interested in verifying the integrity. The 
platform agent 620 then issues a command (step 640) to the 
TPM 625 to check the RBS Certi?cate applicable to Which 
application that the ?rst challenger 605 Wants to verify the 
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integrity status. The TPM 625 obliges and issues a command 
to get the RBS Certi?cate 630 (step 645) from a certi?cate 
repository that the TPM 625 controls. The TPM 625 gets the 
RBS Certi?cate 630 (step 650) Which is also signed. The 
platform agent 620 then issues a command to the TPM 625 
(step 655) to perform a verify-and-extend operation. In this 
operation, the TPM 625 extends a speci?c PCR, (either real or 
virtual), controlled by the TPM 625 and speci?c to the appli 
cation that is being integrity veri?ed for the ?rst challenger 
605, but only after it veri?es that the hash of a statement, 
Which the platform agent 620 constructs after verifying that 
the system’s state and the base state, (indicated in the RBS 
certi?cate), are the same, is the same as the hash value con 
tained in the RBS certi?cate. The TPM 625 then signs the 
PCR value With anAIK and sends it to the platform agent 620 
(step 660). The platform agent 620 then can send the platform 
con?guration information, including the signed PCR values, 
to the ?rst challenger 605 (step 665). The ?rst challenger 605 
then can verify (step 670), using the platform con?guration 
data it received from the platform agent 620, Whether the 
application it is interested in has been loaded correctly and 
Without compromise to the application from the correct base 
system state as indicated in the RBS certi?cate. 

[0054] When another challenger, (i.e., the second chal 
lenger 610), Wishes to verify the integrity of an application in 
Which it is interested, it can perform in a similar fashion, 
essentially the same procedures (steps 675 and 698) With the 
help of the platform agent 620, (Which performs steps 680, 
692, and 694), and the TPM 625, (Which performs steps 685, 
690 and 694), but using a different RBS certi?cate, this one 
speci?c to the application in Which that second challenger 
610 is interested in. 
[0055] FIG. 6 depicts the augmentation of the second 
embodiment With a proposed RBS certi?cate. Virtual PCRs 
are used to store information about the base states; not by 
storing the actual integrity measurements that need to be 
extended, but by storing statements of ‘check’ or ‘no check’, 
as With the current usage of RIM certi?cates in mobile trust 
modules (MTMs). Note that, instead of unilaterally extending 
the PCR, a different command, (i.e., that extends PCR if a 
simulated extend result checks the state contained in the RBS 
Certi?cate), should be used. Furthermore, the value extended 
in the PCR is not the actual measurement results, but a state 
ment stating Whether a ‘check’ or a ‘no check’ event has 
occurred When the comparison of the real extension and the 
state information contained in the RBS certi?cate has been 
made. 
[0056] Note that in FIG. 6, the different challengers can 
use, for veri?cation of challenger-speci?c con?guration veri 
?cation, either a common, single RBS Certi?cate, or different 
RBS Certi?cates, one for each of the speci?c challengers. 
[0057] There are certain aspects in the procedure used by 
the remote entity to request the state of the system that are not 
de?ned by the standard. One such aspect is hoW the remote 
entity can request for the measurements. 
[0058] FIG. 7 shoWs a block diagram for an embodiment 
using a master list and sublists. The requester preferably 
identi?es the exact measurements it needs by choosing one or 
more entities from the master list and then choosing one or 
more elements from the sublist for Which it Would like to 
receive measurements. If there is no sublist speci?ed, it can be 
assumed that the measurement values for all of the entities in 
the master list are sent to the requester. The request can be of 
the form request[x] [y], Where x represents the identi?cation 
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information for the master list, and y identi?es the elements in 
the sublist. As noted earlier, y is an optional element in the 
request structure. This request can be made using any mecha 
nism including the use of languages like extensible markup 
language @(ML) to communicate the elements of the master 
list and sublists. 

[0059] The XML example shoWn beloW is used to request 
the measurement values for Internet Explorer and Media 
Player Applications. 

1. <?xml version=“l.0” encoding=“UTF-8” ?> 
2. <RequestPCRValues> 

i. <MasterList> 
ii. <Id>Applications</Id> 

l. <SubList> 
iii. <Id>InternetiExplorer </Id> 
iv. <Id>MediaiPlayer </Id> 

l. </SubList> 
v. </MasterList> 

3. </RequestPCRValues> 

[0060] Based on the disclosed embodiments, virtual PCR 
numbers are assigned to the applications. These values are 
preferably any identi?er, (e.g., globally unique identi?er 
(GUID) or universally unique identi?er (UUID), and the 
like), and a mapping table betWeen the TPM and the real PCR 
assignments is preferably stored in the TPM memory. In this 
scenario, the application requesting the PCR values does not 
knoW of the PCR values assigned to the application, and 
performs a request using a unique identi?er that is valid 
across multiple platforms. 
[0061] In relation to the methods depicted in the above, 
FIG. 8 shoWs hoW a user device system that has a TPM and 
virtual PCRs can be used to supply data for veri?cation of the 
platform con?guration integrity to a challenger. FIG. 8 shoWs 
a TCG procedure implemented in a system 800 including a 
challenger 805 and a user device 810 including a platform 
agent 815, a TPM 820 and a virtual PCR 825. Note that the 
user device system can have virtual PCRs, to the order of 232. 

[0062] As shoWn in FIG. 8, the challenger 805 requests 
(step 830) the platform agent 815 to get the platform con?gu 
ration data Which Will later be used for veri?cation of the 
platform’s integrity. The platform agent 815 issues a com 
mand (step 835) to the TPM 820 to extend a PCR from a 
reference base state. The platform agent 815 may not neces 
sarily have to specify Whether the PCR it Wants the TPM 820 
to extend is a physical PCR or a virtual PCR. The TPM 820 
then extends the value of the virtual PCR and encrypts the 
virtual PCR 825 With its neW extended value With an encryp 
tion key that is stored Within the TPM 820 itself or a key that 
is stored outside of the TPM but is protected by a key stored 
Within the TPM 820 itself (step 840). The platform agent 815 
later commands the TPM 820 to sign the value of the PCR and 
send it to the platform agent 815 (step 845). The TPM 820 
then accesses the virtual PCR 825 and gets the encrypted PCR 
value from the virtual PCR 825 (steps 850 and 855). The TPM 
then decrypts (step 860) the encrypted virtual PCR value. The 
TPM 820 then signs the decrypted virtual PCR value, re 
encrypts it, (With a different key than the challenger 805 has), 
and sends it (step 865) to the platform agent 815. The platform 
agent 815 composes platform con?guration data, including 
the data from the virtual PCR 825, and sends it to the chal 
lenger 805 (step 870). The challenger 805 then uses the 
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received platform con?guration data to verify the integrity 
state, (or state of the platform con?guration), of the user 
device 805 (step 875). 
[0063] Although the features and elements of the present 
invention are described in the preferred embodiments in par 
ticular combinations, each feature or element can be used 
alone Without the other features and elements of the preferred 
embodiments or in various combinations With or Without 
other features and elements of the present invention. The 
methods or How charts provided in the present invention may 
be implemented in a computer program, softWare, or ?rm 
Ware tangibly embodied in a computer-readable storage 
medium for execution by a general purpose computer or a 
processor. Examples of computer-readable storage mediums 
include a read only memory (ROM), a random access 
memory (RAM), a register, cache memory, semiconductor 
memory devices, magnetic media such as internal hard disks 
and removable disks, magneto-optical media, and optical 
media such as CD-ROM disks, and digital versatile disks 
(DVDs). 
[0064] Suitable processors include, by Way of example, a 
general purpose processor, a special purpose processor, a 
conventional processor, a digital signal processor (DSP), a 
plurality of microprocessors, one or more microprocessors in 
association With a DSP core, a controller, a microcontroller, 
Application Speci?c Integrated Circuits (ASICs), Field Pro 
grammable Gate Arrays (FPGAs) circuits, any other type of 
integrated circuit (IC), and/ or a state machine. 
[0065] A processor in association With softWare may be 
used to implement a radio frequency transceiver for use in a 
Wireless transmit receive unit (WTRU), user equipment (UE), 
terminal, base station, radio netWork controller (RNC), or any 
host computer. The WTRU may be used in conjunction With 
modules, implemented in hardWare and/or softWare, such as a 
camera, a video camera module, a videophone, a speaker 
phone, a vibration device, a speaker, a microphone, a televi 
sion transceiver, a hands free headset, a keyboard, a Blue 
tooth® module, a frequency modulated (FM) radio unit, a 
liquid crystal display (LCD) display unit, an organic light 
emitting diode (OLED) display unit, a digital music player, a 
media player, a video game player module, an Internet 
broWser, and/or any Wireless local area netWork (WLAN) 
module. 

What is claimed is: 

1.-4. (canceled) 
5. A user device comprising: 
a certi?cate repository having a signed reference base state 

(RBS) certi?cate Which indicates a base state and con 
tains a ?rst hash value; 

a platform agent con?gured to receive a ?rst command 
from a challenger to get a platform con?guration com 
puted from a starting con?guration speci?ed by a base 
state applicable to a loaded application for Which the 
challenger is interested in verifying the integrity; and 

a trusted platform module (TPM) con?gured to receive a 
second command to check an RBS certi?cate applicable 
to the application for Which the challenger is interested 
in verifying the integrity, to obtain the signed RBS cer 
ti?cate from the certi?cate repository, Wherein: 

the platform agent is further con?gured to construct a state 
ment having a second hash value, and issue a third com 
mand to the TPM to perform a verify-and-extend opera 
tion; and 
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the TPM is further con?gured to extend a speci?c platform 
con?guration register (PCR) controlled by the TPM and 
speci?c to the application that is being integrity veri?ed 
for the challenger, after verifying that the ?rst hash value 
is the same as the second hash value. 

6. (canceled) 
7. The user device of claim 5 Wherein the TPM signs a PCR 

value With an attestation identi?cation key (AIK), and sends 
the signed PCR value to the platform agent. 

Dec. 10, 2009 

8. The user device of claim 7 Wherein the platform agent 
sends platform con?guration information, including the 
signed PCR value, to the challenger. 

9. The user device of claim 8 Wherein the challenger veri 
?es Whether the application has been loaded correctly and 
Without compromise to the application from the correct base 
state as indicated in the RBS certi?cate. 

10.-23. (canceled) 


